In this work, we develop a geometrical unification theory for gravity and the electroweak model in a Kaluza-Klein approach; in particular, from the curvature dimensional reduction Einstein-Yang-Mills action is obtained. We consider two possible space-time manifolds: 1)V 4 ⊗ S 1 ⊗ S 2 where isospin doublets are identified with spinors; 2) V 4 ⊗ S 1 ⊗ S 3 in which both quarks and leptons doublets can be recast into the same spinor, such that the equal number of quark generations and leptonic families is explained.
INTRODUCTION
The best results of modern physics are the two theories that describe the fundamental interactions, i.e., Standard Model and General Relativity. However, at the present no satisfying way to unify them is known, especially because of the mathematical and physical difficulties in the development of a Quantum General Relativity. Even if it is a general hope that the quantization of gravity would lead to the unification of all interactions, there is no indication that it will follow. For example Loop Quantum Gravity (Rovelli, 2004) , one of the most promising candidate for a quantum General Relativity, does not contain other interactions, so it achieves no unification yet. Moreover, because cosmological sources, we observe are only gravitational ones, on cosmological scale, we can treat gauge carriers fields as perturbations. Therefore, the coexistence, in a unified picture, of a classical formulation for gravity and of a quantum theory for other interactions can be interpreted as a low energy effect.
The great achievement of General Relativity is the geometrization of the gravitational field; following this approach, we can try to regard even others fields as geometric properties (geometrical unification models) and, in particular, as space-time metric components (Kaluza-Klein theories). This issue, obviously, implies extra geometrical degrees of freedom, that can be introduced by virtue of extra-dimensions. To make the multidimensional model consistent with a fourdimensional phenomenology, we require the unobservability for this additional coordinates and, due to quantum uncertainty, it can be reached by taking a compactified extra-space. It is also possible to consider noncompact Kaluza-Klein models, as in braneworld scenario (Randall and Sundrun, 1999) , and they found applications in string theory; however, in those models a strange kind of unification arise, in fact while the gravitational field propagates in the bulk, the other interactions are restricted to the four-dimensional brane.
The oldest model with nongravitational fields in the metric is the original Kaluza-Klein one (Kaluza, 1921; Klein, 1926a,b) , which deals with the unification of gravitational and electromagnetic interactions in a space-time manifold V 4 ⊗ S 1 . To extend this procedure to a generic Yang-Mills theory, a geometrical implementation of the gauge group and of its algebra have to be performed. The latter is easily achieved by the introduction of an homogeneous extra-space (for the definition of homogeneous space see, Landau and Lifsits, 1975) and by considering its Killing vectors algebra. Instead, the role of group transformations is played by extra-dimensional translations; however, unless the above mentioned unobservability is taken into account, the right gauge transformations on fields are not reproduced (Cianfrani and Montani, in press). At the end, to geometrize in a Kaluza-Klein approach a gauge interaction, an extra-space, whose Killing vectors algebra is the same as the gauge group one, is required (for a review see, Appelquist et al., 1987; Overduin and Wesson, 1997) .
In our work, we reproduce in this way all the features of the electro-weak model, an issue failed by other multidimensional theories. In particular, we derive not only free gauge bosons Lagrangian from the dimensional splitting of the multidimensional curvature, but also, we show how their interaction with spinor fields can be obtained by the splitting of free Dirac Lagrangian. Therefore, we are able to give a completely geometric interpretation to the boson component and we have to introduce just free spinors.
Furthermore, the left-handed and right-handed four-dimensional fields, separately, as the lightest modes of an extra-coordinates expansion arise, while any their linear combination acquires a mass term, having the order of the compactification scale. So the need of a distinct treatment for the two chirality eigenstates becomes a low energy effect.
